Pyruvate oxidase catalyzes the oxidative decarboxylation of pyruvate to acetate and Co2 (10) . The Escherichia coli enzyme consists of four identical 60,000-dalton subunits, each of which binds the required cofactors, flavin adenine dinucleotide and thiamine PP, (10) . Although pyruvate oxidase has been extensively characterized biochemically, the role it plays in metabolism is unclear. The most novel aspect of the enzyme is the striking effect of lipids on enzymatic activity. When purified pyruvate oxidase is assayed in the presence of lipids or detergents, a 25-fold increase in the specific activity is observed, accompanied by a 10-fold decrease in the Km for pyruvate (6, 7, 21) . This activation is due to the binding of lipid to the protein (24) . A similar extent of activation can be attained by limited proteolysis of the enzyme in the presence of substrate and cofactors, after which the affinity of the protein for lipids and detergents is greatly reduced (20, 21) . These properties, coupled with the ease of genetic manipulation in E. coli, make pyruvate oxidase an ideal system for studying lipidprotein interactions.
Chang and Cronan (3, 4) have reported the isolation of two classes of mutants deficient in oxidase activity. poxA mutants have lesions in a regulatory locus which also affects at least one other pyruvate enzyme (3) , whereas poxB mutants are lesions in the structural gene (4) . These (20, 21, 24) was kindly provided by R. Gennis. Antibody was raised against pyruvate oxidase by injecting 6-week-old New Zealand White rabbits subcutaneously with 1 mg of pyruvate oxidase, as described by Livingston (14 (19) .
[35S]methionine labeling and protein gel electrophoresis.
Proteins encoded by plasmids were labeled by the maxicell method of Sancar et al. (23) and analyzed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (13 The chromosomal insert in pCG7 could be cut into two segments of ca. 1.9 and 1.3 kb with Sall. Since only the larger segment is of sufficient size (1.6 kb) to encode the oxidase, the poxB gene had to be either located within the larger segment or lie across the Sall site. The latter possibility was shown to be the case by insertion of an XhoI adapter into the Sall site. The insertion of this linker resulted in the loss of poxB gene function (data not shown).
Proteins encoded by pCG5. The maxicell technique was used to assay plasmid-coded proteins. Strain CG6, a recA strain carrying pCG5, was irradiated with UV light, treated with cycloserine, and labeled with [35S]methionine essentially as described by Sancar et al. (23) . The cellular proteins were solubilized and then analyzed by polyacrylaniide electrophoresis in the presence of sodium dodecyl sulfate (Fig.  2) . Strain CG6 (which carried pCG5) synthesized a protein with a molecular weight identical to that of pyruvate oxidase. Moreover, the labeled protein could be specifically precipitated with antioxidase antibody (Fig. 2) , and this precipitation was eliminated by the addition of excess homogeneous oxidase to the antibody-extract mixture (data not shown). Neither the original extracts nor the immunoprecipitates of the strain lacking pCG5 (or of a strain carrying the original cosmid vector [pCG1]) contained the labeled Mr 60,000 protein.
Physiological consequences of overproduction of pyruvate oxidase. E. coli strains lacking the genes for pyruvate dehydrogenase require acetate for aerobic growth despite the presence of pyruvate oxidase activity (3, 4 Cronan (4) have shown that the normal level of oxidase activity is sufficient to allow only extremely slow aerobic growth of strains lacking pyruvate dehydrogenase. We supposed that the overproduction of oxidase evident in strains carrying plasmids pCG5 and pCG7 might allow more rapid growth. We therefore introduced the plasmids into strains CY377 and CY379. The presence of either pCG5 or pCG7 gave a detectable growth rate (doubling time of ca. 500 min) in the absence of acetate supplementation, although the doubling time was much slower than the rate observed in the presence of acetate (100 min) (Fig. 3) . Growth in the absence of acetate supplementation was completely dependent on the presence of a poxB+ plasmid (Fig. 3) (4a) and found that similar extents of enzyme overproduction were observed in both the in vitro and in vivo assays (data not shown). DISCUSSION We cloned the poxB gene by use of a closely linked TnJO insertion, a strategy used previously in cloning the tyrR locus into phage X (5). We used a cosmid vector since the large insert size carried by such vectors could accommodate both the TnJO element and the very large uncertainties inherent in converting P1 cotransduction frequencies into lengths of DNA (1) . Another advantage in using a cosmid vector is that the low (ca. 5) copy number of such plasmids (12) avoids the sensitivity to inducers of Tet gene expression observed with plasmids present in high (>20) copy number (18) .
The analysis of the proteins encoded by a subclone of the original cosmid confirms the identification of the poxB gene as the structural gene for pyruvate oxidase. We have shown that a protein of the proper size and antigenic determinants is synthesized by this plasmid. Our preliminary DNA sequence analyses (unpublished data) of segments of plasmid pCG7 cloned into phage M13 conclusively demonstrate that the poxB gene encodes pyruvate oxidase. We have obtained DNA sequences (from appropriately spaced parts of the cloned segment) that encode two ca. 20-amino-acid-long segments identical to those obtained (M. Recny and L. Hager, personal communication) by amino acid sequencing of the amino and carboxy termini of the intact protein.
The finding that overproduction of the oxidase allows growth of strains lacking pyruvate dehydrogenase in the absence of added acetate confirms the previous indications (4) that the acetate produced by the oxidase is used metabolically. However, growth under these conditions was quite slow (ca. 20% of the acetate-supplemented rate), indicating that acetyl-coenzyme A production limits growth. The level of acetate produced in these cells exceeds by 10-fold the level of acetyl-coenzyme A produced by the pyruvate dehydrogenase (11) , and thus the proposal of Chang and Cronan (3, 4) that inefficient conversion of acetate to acetyl-coenzyme A is responsible for the apparent metabolic inertness of pyruvate oxidase is strengthened. The suppression of the aceEF phenotype by the poxB+ plasmids suggests (in hindsight) that direct selection for the poxB clones might have been possible. However, such selection would have depended on a fortuitous choice of the recipient strain and might also have selected plasmids carrying other genes (e.g., pyruvate formate lyase).
The cloning of the gene for pyruvate oxidase makes the study of its interaction with lipid approachable by a variety of in vitro mutagenesis methods. Such mutants will be most useful in understanding the physiological role of the activation of pyruvate oxidase by lipid.
